He-η bound state was performed with high statistics and high acceptance with the WASA-at-COSY facility using a ramped beam technique. The signature of η -mesic nuclei is searched for in the measured excitation functions for the two reaction channels: dd → 3 Henπ 0 and dd → 3 Hepπ − near the η production threshold. This report includes the description of the experimental method and the status of the data analysis.
Introduction
The existence of η-mesic nuclei in which the η meson is bound within a nucleus via the strong interaction was postulated over 20 years ago by Haider and Liu [1] . Since thenη-and η -mesic bound states heave been searched for in many laborathories as e.g.: COSY [2] [3] [4] [5] [6] [7] [8] , ELSA [9, 10] , GSI [11] , JINR [12] , JPARC [13] , LPI [14] , and MAMI [15, 16] . Recent theoretical investigations e.g. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] support the search for η and η -mesic bound states, however, till now none of experiments confirmed its existence. The discovery of this new kind of an exotic nuclear matter would be very important for better understanding of the η and η meson properties [27] and their interaction with nucleons inside nuclear matter. Furthermore it would provide information about the N * (1535) resonance [28] , as well as about the flavour singlet component of the quark-gluon wave function of the η and η mesons [26] .
Experimental status
The search for the 4 He-η bound state was carried out with unique accuracy with the WASA facility, installed at the COSY synchrotron in Forschungszentrum Jülich. The detection system allows the exclusive measurement of all ejectiles while continuously changing the beam momentum around the η production threshold. The signature of the η-mesic nuclei is searched for via studying the excitation function for the chosen decay channels of the 4 He-η system, formed in deuteron-deuteron collision [29] [30] [31] . Till now two experiments were performed focusing on the bound state decay into 3 He and a nucleon-pion pair [3, 32] . 
Hepπ
− reaction varies from 20 nb to 27 nb at 90%CL [4] .
In the second experiment, in November 2010, we collected about 20 times higher statistics with respect to the previous measurement [4] . The search for a 4 He-η bound state was performed by measuring the excitation function of the dd → He for both cases was identified in the Forward Detector based on the ∆E-E method. The neutral pion π 0 was reconstructed in the Central Detector from the invariant mass of two gamma quanta originating from its decay while the π − identification in the Central Detector was based on the measurement of the energy loss in the Plastic Scintillator combined with the energy deposited in the Electromagnetic Calorimeter. Neutron and proton were identified via the missing mass technique. Events corresponding to the bound states production were selected via applying appropriate cuts in the 3 He center of mass (CM) momentum, nucleon CM kinetic energy, pion CM kinetic energy and the opening angle between nucleon-pion pair in the CM based on Monte Carlo simulations. These cuts are presented in Fig. 1 . The excitation functions for both reactions were determined for a "signal rich" region corresponding to momenta of the 3 He in the CM system with p Hepπ − reactions are presented in Fig. 2 . The preliminary results presented in Fig. 2 reveal no structure which could be interpreted as a signature of a bound state. The shapes of the spectra in the "signal rich" and "signal poor" regions differ from each other. This is possibly a promissing result, but its final interpretation requires detailed simulations in order to understand the background contributions to the observed excitation functions. The analysis is still in progress. However, already now we can conclude that a collected data are of a very good quality and that we have achieved a sensitivity of the cross section of the order of few nb for the bound state production in dd → ( Hepπ − reaction (right panel). The "signal rich" region is shown in blue while the "signal poor" region normalized to the first bin of the "signal rich" region is shown in black. The analysis is based on the whole data sample.
Perspectives
The recent theoretical and experimental results [15, 21, [23] [24] [25] [33] [34] [35] bring new and stronger arguments in favour of carrying out the search for the 3 He-η bound state. Therefore, in May 2014, we extended the measurement to search for the η-mesic helium for processes corresponding to two anticipated mechanisms: (i) absorption of the η meson by one of the nucleons, which subsequently decays into N * -π pair e.g.: pd → ( 3 He-η) bound → pppπ − , and (ii) decay of the η -meson while it is still "orbiting" around a nucleus e.g.: pd → ( 30 cm −2 s −1 allowed to collect high statistics of data. The analysis is in progress. In the first case we expect a cross section for the bound state formation in the order of 80 nb. In the case of the second considered mechanism, we may roughly estimate the cross section to be about 0.4 nb taking into account that the total width of the η meson is about 1.3 keV, the width of the 3 He-η is less than about 500 keV, and the 2γ and 6γ branching ratios amounts to about 39% and 33%, respectively [33] .
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